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INTRODUCTION
This paper investigates the pitch and depth control problem of AUV in diving plane. The motion stability and maneuverability (especially in the diving plane) of AUV is critical to its navigation safety and the quality of survey data for seafloor mapping, marine observation and so on. The AUV system is a complex nonlinear system with coupled states and unavoidable underwater current disturbances, as well as model uncertainty resulting from poor knowledge of hydrodynamic coefficients. To achieve high-performance control, many advanced control methods have been proposed, such as, H ∞ control [1, 2] , sliding mode control [3, 4] , generalized predictive control [5] , fuzzy control [4] , adaptive control [6] , neural network [7] , backstepping control [8] , etc. The CC consist of inner loop control and outer loop control. The inner control attenuates the effect of disturbance or any internal process disturbance. At the same time, the outer control improves the quality of final output. In addition, the TD can filter the desired value with noise interference and output the tracking value of the desired value. This paper combines CC with TD to propose the new controller for diving control of AUV.
The remainder of the paper is organized as follows: in Section 2, the considered diving control model of AUV is established. The diving controller based on TD and CC is designed for the AUV in Section 3. In Section 4, simulation on a diving control model of AUV is illustrated. Section 5 draws the conclusion.
II. MATHEMATICAL MODEL OF AUV
The AUV model in its body-fixed coordinate system and the earth-fixed coordinate system is shown in Fig. 1 . The earthfixed reference system is an inertial reference frame that defined with the origin placed on the surface of the ocean. And the body-fixed reference system is defined with the origin placed in the center of mass of the AUV. The motion of diving plane is only considered in the paper. The rigid body dynamics equations [9] of AUV motion are represented as follows:
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where v denote the state variables. M, ( ) C v and ( ) D v denote the mass (including added mass), coriolis, and damping matrices, respectively. ( ) g denote the gravity and buoyancy forces and moments.
denote the external forces and moments.
The motion model of the AUV consist of two parts: one is dynamics part and the other is kinematics part. We will build kinematics and dynamic models, respectively.
A. Dynamic Model
Assume that (1) the speed, steering, and diving subsystem models of AUV have no interacting; (2) the surge velocity of AUV u is constant and denoted by 0 u ; (3) the sway and yaw state variables and their derivations can be set to zero. The heave and pitch equations of motion are obtained as follows:
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B. Kinematics Model
The kinematics equation of AUV in the diving plane is given as followed:
where z denotes the current depth.
III. TD AND CASCADE CONTROLLER DESIGN

A. CC and TD
The structure of CC is as shown in Fig. 2 . The main advantages of CC [10] can be concluded below:
(i) The inner measure to attenuate the effect of supply disturbance or any internal process disturbance on the outer process in the sequence.
(ii) The outer process measurement to control the process final output quality. fhan , , , x x r h that is obtained as follows: 1 v and 2 v are the tracking value and tracking differential value of v, respectively. r is the speed factor that decides the rate of 1 v tracking v . If the value of r is bigger, the transient process is faster. h is the sampling step length. k is the sample time.
IV. THE STRUCTURE OF THE CONTROLLER
The structure of the proposed controller for diving control is showed in Fig. 3 . The controller contains two subsystems: depth control system and pitch angle control system. In the depth control and pitch angle control systems, both the outer controller and inner controller adopts PI and P, respectively. The TD is used to provide the desired depth or pitch angle for the CC. Then, after filtering the desired input, the CC regulates the depth or pitch angle so as to reach the desired values. The parameter of both TDs is r = 0.04/h 2 . The desired depth is -10 m and the desired pitch is -20 degree.
The controller gains are optimized using optimization method. The optimization is done using minimization of the cost function given by Integrated Time Absolute Error (ITAE) as given by (5).
The adjustable parameters are set as Simulation results are shown in Fig. 5 . Under the proposed controller, the actual depth and the actual pitch track the transient depth and transient pitch fast, respectively; the control inputs of depth loop and pitch loop converge to zero quickly. In comparison with the control performance of CC without TD, the control performance of CC based on TD is better from Fig.  5. and Fig 6. The input noise is set as ( ) Fig. 7. and Fig. 8 ., the TD can filter the white noise and make control outputs less influence. Therefore, the proposed CC base TD method in this paper is better than the conventional CC. 
VI. CONCLUSION
In this paper, a diving controller of the AUV based on CC and TD is proposed. The diving controller including the depth loop and the pitch loop has been designed based on the diving plane model of the AUV. Both the depth loop and the pitch loop adopt PI-P CC base on TD. The TD can filter the white noise of input signals and make the noise have little influence on system outputs. Simulation results show that the proposed method have stronger robustness and anti-interference ability than the conventional CC.
